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ABSTRACT 

This paper describes four new species of Upper Jurassic Pleu- 
rotomariidae from southwestern Madagascar: OhonicUa 
thoinpsononun, Bathrotomaria anncjoffc(u\ Bathrofoinaria bc- 
dcttcae, and Lcptomaria takahashii. tii addition, the piexioush 
described ] .cptonuiria texta Delpew 1948, is reassigiK'd to the 
genus OhorncUa. (xnnparisoii ol tins fauna with that ol the 
geographicallv proximal Kutsch n'gion of northwestern India 
reveals it to consist of representatix es of wide-ranging Tethx’an 
genera, but also to exhibit strong endemism at the sp<“cies Kwel. 


LNTRODUCTJON 

A substantial mnnber of w’ell presen ed UppcT )urassic 
pleiirotomailitl gastropods ha\ t' R*centl\' been iineox ered 
as a Inprodiiet of eominereial mining for ammonites in 
southwestern Madagascar. Six specimens, repnxsenting 
four species, were kindK' made ax'ailable to us lor stiitK’ 
by Mr. Chris Takaliashi. The pleurotomariids and am- 
monites w ere dug In' xlllagers fnm pit quarries near the 
town of Zakaralia, in soiithw’cxstern Madagascar. 

A siinev ol the literature on the Mesozoic gastropod 
fauna ol .Madagascar (e.g., Del]^e), 1948; Collignon, 
1949; Collignon, 1959; Kiel, 2008) rexvahnl th(‘ majority' 
of pleui’otomariid species known from Madagascxir to l)e 
of Cretac(*<>us age, witli onh' a single specu's, Ij j)to}nana 
fcxia Dc'lpew 1948, reported from [urassic strata. .\1- 
though the sample available to us is of liinitetl size and 
stratigraphic range, it expands oni‘ insiglit into tin* [iiras- 
sic‘ pleurotomariid lamia ol Madagascar. Like tin* well 
doeumimtc'd |nrassic pleurotomariid launa ot tlu* Kut.sch 
'also spt'lhal Kachclih) region ol wt‘st(‘ni India ()aith‘x et 
ah, 2()()0: Das, 2002; Das (4 ah, 2005), th(‘ Madagascar 
fauna rewals 4\4h\an aflinitic's at the genmie hwc'l, Net 
c'xliibits (Midcmism at the sj)e(1(*s hwiT Both faunas 


evoK'ed an increasing endemism within the Indo- 
Madagascan faunal pro\1nce that was formed as the 
TetliN's Ocean widened between J^aurasia and eastern 
Condw'ana, and a seawvw’ started to dexelop bertx^een 
East and West ConcKvaiia in the latest Jurassic (Titho- 
nian) (Hay et ah, 1999; Shome et ah, 2004). 

The scope of tlu' present stud\' is to review' tlie Oxfor- 
dian (Upper Jurassic) pleurotomariid (anna of Madagas- 
car, describe fi\e species, four ol them newx and to re- 
\1ew the relationships and biogeographx of these pleu- 
rotomariids. 


CE01X)CICAL SEThlNC 

Rilting l)et\veen Africa and Madagascar produced three 
large sedimentan’ basins along the west coast of Mada- 
ga.scar. These are, Irom North to South, the Ambilol^e (or 
Diego), Mahajanga (also spelled Majunga), and Moron- 
da\'a basins. Sedimentation in this region commenced in 
the Carboniferous with the depositicm of the Gondwanan 
Karoo sequences and equi\alents. The' first marine de- 
posits resulting from the break-up of the Gondw'ana su- 
perconlinent arc' ol Toarcian (late Lower Jurassic) age. 
From then on, alternating shallow' marine, larackisli, and 
llmlatih' sedinu'nts were deposited in tluxse basins. Tlu' 
phmrotomariids described liere are' Irom the Morondax’a 
basin, the seiiithe'rnmost of the thre'e' basins. Bio- and 
litliostratigraphic work in this basin is difficult liec'ause' 
eiiitcrops are' few', inek'x fossils are often not available', and 
iiK’asnrable' see tions are' nsualK’ short ;ind difficult to ce)r- 
rc'late' with each otlu'i*. Conse'e jue'nth , onK’ fe'W litho- 
st ratigraj^hic units haw lu'e'ii gixen formatiein names so far 
( Be'sairie' anel Collignon, 1972; Luger et ah, R)94; Ci'iger 
and Schw'e'ige'rt, 2()()B), 

4lie' (jiiarrie'S that ju'oduced the' sj)(‘eime*ns ele'sciibe'd 
Ih'ie' arc locate'd to the' we'st ol the' town Zakaralia (also 
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spelled Sakkara), one of tlu'in noitli o( du‘ Filierenana 
River, the other to the south of it (Figures 1, 2). The 
lossililerons la\ers are thin and consist ol pink-\eilo\v 
iron-oolitlue liniestones, and are o\eriain h\- gnn’ mud- 
stones {K. Bandel, pers. comni.. 2007). The southern 
localit\ is \ clos(\ il not identical, with the ‘V\mparam- 
hato section (Mh)’* of Geigt'r and Scliw(*igei1: (2000: 99) 
which was charactei'ized h\ them as “a highK lossililer- 
ous iron-oolitic limestone and sandstone Red with thin 
mud-stone inteiiaxers. " Accordingh*, tlie^ oolitic lime- 
stones contain an al)unda]\t iinunonite launa; the o\er- 
la\ing mudstones contain nodosariid Foraniinilera and 
ostracods (Geiger and Schweigert, 200(S). The northc'rn 
quarn' is geogi*aphicaIlv close to the ‘Middle-Upper 
Oxfordian Ankiliinena section (XI i” of Gcigei' and 
Schweigeii: (2000). This section is characteiized l)v re- 
ciirrciit ii’on-oolitic limestones, which contain ammo- 
nites. liiMiclionellids, lii\'al\ es, helenmites, echinoderms, 
and wood debiis (Geiger and Schweigeit, 2000: I03). 
Althougli Geiger and Schweigeii (2000) did not rejKirt 



Figures i, 2. Location of collection sites I. Detailed map of 
two localities in soutliwesteni Madagascar. 2. Location (jf sites 
on a map of land masses during the Late Jurassic. 


pleiii'otomai'iids or otlu r gastropods Irom Ouxse sections, 
the remaining fossil content, their geographic position, 
and their litholog)* agrees w'ell w ith that ohsened at the 
ammonite (juarries \isited h\ K. Bandel (pers. comm., 
2007). 

Tlie ammonite fauna of these hvo localities, especialK 
th(‘ pr(‘S(mc(‘ ol Dhosaites cl. ])hmiis Gollignon, 1 959, 
suggests a ‘middle to upper Argo\ian (early Oxfordian)’ 
age (Ca)lliguon, J959; 1 1. Keuj^ip. ]:>ers. c*omm., 2004). 
The term ‘Aigovlan’ has been abandoned due to its iii- 
consistemt usage, lint largclv lalls within the range ol the 
Oxfordian (Zeiss, 2003). The sediments considered as 
‘Argo\ian’ In' Besairie and Gollignon (1972) correlate 
with those mapped as late CalIo\ian-earh Oxfordian b\ 
Geiger and Schwxigeit (2006). Thus, the pleurotomaiiids 
described here are most probabK of Oxfordian (Llpper 
jnrassie) age. 


SUPRASPEGIFIC CLASSIFICATION 
WITH 1 X P l.E U ROT( ) M A R 1 II ) AE 

The numbei* of genera and snbgenera currently recog- 
nized within the family Plenrotomariidae (Appendix 1) 
has nearK doubled since tlie fami]\' was reviewed in the 
Treatise of Inieiiebrate Zoolo^ij (Knight et ak, 1960). Of 
tlie 21 genera and suligenera now recognized (Figure 3), 
16 are Me'sozoic. Of tli(‘se, I h e are restriett'd to the Tii- 
assic, three to the jurassic, and onh' a single subgenus to 
the Cretaceous. At present, Leptomaria and Conoto- 
maiia arc' the onl\' gemera tliat are i*ecognized as haxing 
siinived from the Mesozoic into the Genozoic. Of the 
seven Ccmozoic genera, four suni\'e in the Rc^cent faniia. 
According to tlie literature sun ex’ed, there is no chrono- 
logical o\erlap betw'een the Me.sozoic genera and the 
Cenozoic genera. 

As noted l)v a number of resc^archers (e.g., Hickman, 
1976: 1094; SzabeX 19S0: 49; Das, 2002: 99) fossil pleu- 
rotoinariids are difficult to classiR' objecti\ehc since the 
criteria upon winch fossil pleiirotomaiiid genera are de- 
fined differ conspicuously from those applied to Cemo- 
ZJ^ic genera. The monoph\i\ and plw logenetic relation- 
ships ol the suni\ ing Cenozoic genera ha\e been con- 
firmed using molecular data from Ihing representatives 
(e.g., I larasewv'cli et al, 1997; IJarasewxch. 2002). By 
contrast, tlie relationships of Mesozoic genera and the 
species assigned to tliem are far less ceitain, as gemaic 
classification tends to be based on relati^■el^■ few con- 
spicuous moqihological features (Table' 1) especialK' 
those tliat are most easily derix ed from poor!) presen ed 
specimens and external or inlc'rnal molds, wiiile other 
cliarac'ters are unconstrained and max \ an wideK . Szabo 
(19S0; 49) commented that “almost all genera can be 
identified xx-ith certaintx’" on the basis ol the* shape of the 
xvhorl .section and the surface of the xx liorls, as xvell as tlic 
position and xxidth ol the selenizone. Conti and Szabo 
( 19S7; 43) rai.sed a epiestion as to the significance of the 
presence oi' absence ol an umbilicus in ple'urotomariid 
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GENERA OF 
PLEUROTOMARIIDAE 

Mamoeatomaria Begg and Grant-Mackie, 2003 

Tahua Begg and Grant-Mackie, 2003 

Murihikua Begg and Grant-Mackie, 2003 

Pleurotomaria Defrance, 1826 

Ornatospira Pan, 1982 

Stuorella KittI, 1891 

Talantodiscus P. Fischer, 1885 

PyrgotrochusP. Fischer, 1885 

Anodotomaria Szaho, 1980 

Bathrotomaria Cox, 1956 

Cyclostomaria Szabo, 1980 

Laevitomaria Conti and Szabo, 1987 

Obomella Cox, 1 959 

Conotomaria Cox, 1959 

Leptomaria E. Eudes-Deslongchamps, 1864 

Indomaria Das, 2002 

Chelotia Bayle in P. Fischer, 1885 

Entemnotrochus P. Fischer, 1885 

Perotrochus P. Fischer, 1885 

Bayerotrochus Harasewych, 2002 

Mikadotrochus Lindholm, 1927 


Figure .3. fieoingical ranges of the genera and snhgenera within tire fainiK Pleiirotoinaiiidae, arranged li\ first occurrence in the 
fossil record. 


clas.silication. ILc presence or absence ot an itnil)ilicMS is 
sufficient to distingnish the most l)asal dicliotoim among 
li\ing l^leurol<nnariidae. \ct tliis feature remains uncon- 
strained and inav s al's ssidely ssitliin most .Mesozoic gen- 
era and esen ssitliin some "species" as tlies are eiirrentlv 
diagnosed, ll is tlierelore not snqnising that fossil species 
are treqnentls reassigned from one genus to another 
■<-.g., VyroairochiiK to Lartitomarin (,’onti and .Szalx"), 
I9S7: -16: rcroirncliiis to Leptoitiarin, see Das et ah, 
200.5: .'LH I. i-specialls' as more numerous and better pre- 
sencd specimens become asailalile. 


SVSTEMATICS 

Eamils' Plenrotoinaniilae Sssainson, 1S40 
CJenns OhorncUa Co.\, 1059 
Ohonu'lhi Cox, 19.59: 23S. 

Type Species: Piciirotoinaria pliropunctota J. A 

Eiuk's-Deslongcliamps. IS 19 (Bs original designation). 
Bajoci.m (.Middle |urassic) of France. 

Diagnosis: 'Hie genus Ohonicihi is characterized li\’ a 

shell that is low tnrbinilorm to snlilentii'iilar. witli a nar- 
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ro\\l\' open uml^iliciis ami a strongly com ex base. Surface 
sculpture consists of close]}' spaced collaln'al cr^stellae 
(usually dominant) and spiial threads. The periplieiy is 
coininonh^ crenate. The selenizone is narrow, smooth, 
often projecting onto the upper whorl hice near the pe- 
riphen'. The labral slit is short. 

Remarks: OborneUa is known irom strata of Toarciait 

(Lower |iirassic) to Oxfordian (Upper Jurassic) age (183 
Ma to 156 Ma). Greatest diversirt' has been docmiuatted 
from Europe (see Gnindel, 2003; Iliigele, 2003), and this 
genus has also been rejiorted from northeastern Iran 
(Majidilard, 2003) and the Kutch region ofw^estern India 
(Jaitley et ak, 2000; Das et ah, 2005). 

OborncUa tcxta (Del]iey, 1948) 

(Eigure 4, reproduced from Delpe}\ 1948: pi. 2, fig. 1) 

lA'ptomaria tcxta Delpc}', 1948: 9, pi. 2, fig. 1. 

Original Description (Translated): “(lleiglit: 25 

mm; diameter 31.5 mm; number of w horls: 5). The strip 
[selenizone] is anterior, wide relath e to tlie last turn, and 
de\elops/clianges normall}^ until the finilticaiinate stage, 
becoming a little coiwex. The sculpture is latticed. An 
umbilicus obscured hv a lamina pierces the coiwex base. 

It is similar to Pleurotomaria ciulora d'Orbigny, 1850, 
but the selenizone of this Oxfordian species is eonca\'e 
bertveen Lvo carinae, which is noticeably different Irom 
the Malagasy form. Argo\ian of Ankirij\‘ (coll, llourcx])." 

Remarks: Unfortunatc'K , Del]ie\' did not specifx' were 

Iier type material was deposited. Imjuiries at tlie 
Museum natioiial dllistoire natiircdle in Pans as wcdl as 
tlie Uni\ersit("^ de Paris re\ealed that tlie specimens are 
not deposited in their collections. The description is 
minimal, and the illustration of th(^ single, partial sjK^ci- 
men (Figure 4) is poor, showing a spc'cimen in w hic h the 
selenizone runs alojig tlu^ shell peiiplu'n', with the suture 



Figure 4. Ohornrlla Irxfa !)(ipev, 19-lS). Heprodiictiou of 
original illnslratioii 4){ip(‘\, 1 9 IS: pi. 2. (ig. 1, as I A pfoniaria 
frxta ). 


adpressed along the low^er edge of the selenizone. These 
leatiires preclude the inclusion of this species in Lcp- 
tojiwria E. Eudes-Deslongchamjis, 1864, which is char- 
acterized by com cxx w horls, with the selenizone at mid- 
wliorl. It is more likely that this taxon is referable to the 
genus Oboniclku in wiiich the selenizone is situated 
closer to the |xuipheiy. Dcljievls illustration resemliles 
the partial spc^ciuKm (faitly et al. 2000: 39, pi. 2, figs. 8A, 
B) Irom tlie contemporarv Dhosa Oolite Mcjuber of the 
Kutscii region of India that w^as identificxl as OborncUa 
aff ^rauiilata (]. Sowerbv, 1818). Delpmes taxon is here 
transferred to OborncUa, but its geneiic aifinities remain 
olisciire until the t\pe, which is the on\y knc;>wii speci- 
men, is Icjcatexl. 

OborncUa tbowpsonornm new species. 

(Figures 5-12) 

Description: Shell (Figures 5-12) small (liolohpe 

maximum diameter 42.2 mm, minimum diameter 34.6 
mm, heiglit 26.4 mm) low^ turbiniform, consisting of ap- 
pro ximateh* 7 teleoconch whorls. Base moderately con- 
\ex, with narrow^ umbilicus (Figure 7, n). Spire angle 
103-106". Spire slightly Comdex in profile. Suture ad- 
pressed, joining pre\1ous whorl at or j'ust below peiiph- 
eral bulge (Figure 6, pb). Protoconch and first 3-5 te- 
leoconch whorls eroded, onK' final 2—4 teleoconch whorls 
W(4l presened. Weak shoulder present on whorls 3-5, 
becoming comx^x, ronndtal in final Lvo wTorls. Axial 
sculpture of obli(|ue radial costae most pronounced on 
whorls 3-5 (40-50 per whorl), w^eaker on subse({nent 
whorls (80- 1 08 per whorl), producing cancellate gran- 
ules at intersections with spiral cords, especialh' at pe- 
ripheral bulge and on either side ol selenizone (Figure 
10, sz). Number of strong, simple spiral cords 7-9 be- 
tween suture and selenizone, 0-3 on seleihzomg 2— t be- 
tween selenizone and jx^iipheral bulge, 21-22 along 
base, betA\een peripheral bulge and broad panetal callus 
(I'igure 7, pc). Scienizom* (Figni'e 10, sz) narrow', con- 
\ ex, with 0-3 spiral cords, and numerous strong to weak 
luniilae, situatcxl just abo\e perij^heral bulge. Apertuie 
o\ate, roiighh peipendicular to coiling axis. Outer lip 
smooth, portion below slit offset from portion abo\ e slit 
1)}' 39°. Slit narrow (~2.5 mm), e.xtending ]>osteiioiiv 62° 
from end of suture. LijD thickest in colmnellar and basal 
region, forming broad parietal callus that j3artl}’ o\erlaps 
the umbilicus. 

T}pc Localit}': Zakaraha, near Toliara (also spelled 

Tnlear), sonthwicstern Madaga.sear. 6-7 in l>elow' suiiace 
on plateau cut h\ ri\er. 

T}'pe Material: IIoloLpe, USXM 534480; paratNpe 1, 

USXM 534481; [3aratApe 2 L^SXM 534482, all irom the 
t\pe l(3calit} . 

Age: Oxlordian (Upper |nrassic). 

FTxniologx': This new spcaies honors |on and BexerE 

4li(3inpson (oi‘ tluir mam c()ntril)ution.s and xears of sm*- 
vic(* t(3 T1 k‘ Baile\'-Malth(‘x\s Sluil Museum in SanilHi, 
Florida. 
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Figures 5-11. Obornella thompsononim new species. 5. Apical, 6. apertural, and 7. basal vieW'S of the holoUpe, USXNi 534480. 
8. Apical and 9. dorsal \1ew*s of paraUpe 1, USXM 5344S 1 . 10. Details of sculpture behveen suture and peripheiY on last tliree dorsal 
w horls of parappe 1. 11. Apical \iew of parahpe 2, USXM 534482. Abbre\iations; j), periplien -, ph, peripheral bulge; pe, parietal 
callus; .s, suture; si, posterior limit of slit; sz, selenizone; ii, uinbilicus. 


Remarks: The assignment of this new species in the 

genus Obornella is pro\isional. The t\pe species of 
Obornella. Pleurotomaria pUeo])iuieiata J. A. Eiides- 
Deslongchainps, 1849. from the Bajocian (Middle Juras- 
sic) of France and England, is near one (md of a mor- 
phologiciil spectmm (see Hagele, 2003: fig. 10) that is 
distinguished hv a low, conical spire and conspicuous 
axial fluting along the shell peripheiy and base. The 
other end of this moiphological spectrum is charac'ter- 
ized by shells with a higher, stepped s]:>ir(‘, a rounder 


aperture, and spiral cords along the liase, leatures remi- 
niscent of the genus Pleurotomaria . Obornella fhompso- 
nonnn more cIoseK' reseml^les O. trapeza (lludleston, 
1895: pi. 40, figs. 5a, b) and the ''elevated x aiietv’' of O. 
granulata (Sowerby, 1818) illustrated bv lludleston 
(1895: pi. 40, figs, hr b) as Pleurotomaria ^ranulata \ ar. 
ecelata Deslongchamps, 1848, I)iit diflers in ha\iug a less 
pronounced, more rounded peripheral bulge, a spire that 
is stepped along intcuinediate whorls, and strongly 
beaded scnlptiire along both sides ol tli(" selenizone. Two 
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European species oi' Oho nu 'I la had been reported from 
tlie Kutcli taima (Jaitly et al., 2000; Das, et ah, 2005). 
Oboruclla wuciiicmbergcnsis (Sieberer, 1908) from 
Lower Jurassic [upper Batlioniau] strata, is much Hatter, 
lacks a panetal callus, and has a far broader umbilicus 
than O. thompsononun. Specimens oi Obornclla grami- 
lata (Sowerby, 1818) from the Dhosa oolite member of 
the Chari Formation [Oxfordian] of Kutsch (JaitK' c*t ah, 
2000: pi. 1, figs. 5-7) resemble O. thonipsonoriun in 
oxerall proportions, but ha\e more con\rw whorls be- 
tw^een suture and periphen^ far weaker axial sculpture, a 
broader uml)ilicus, and lack the distinctiu* parietal cal- 
lus. Oboniclla ilionipsonorum may be distinguislied from 
Obornclla tcxta (Delpey, 1948), the only previous!) de- 
scribed pleurotomariid from the |urassic ol Madagascar, 
by the position (T the selenizone above rather than along 
the pcripheiy', and bv ha\1ng more prewiKmt sculpture, 
especially adjacent to the selenizone. 

TIk* shell microstructures found in Obornclla thoinp- 
sononiin (Figure 12) are similar to those of pleuroto- 
inariids from the Carboniferous (Batten, 1972), Triassic 
(Bandel, 1991), Jurassic (Boggild, 1930), Cretaceous 
(Kiel, 2006), and Recent (Harasewch, 2002), indicating 
that shell microstmcture is a veiy consen ati\ e character 
in this grou]:). 

Genus B ath rot o maria Cox, 1956 

Type Species: Trochns rcticnlaius J. Sowerln*, 1821. 

(B\' original designation). Kimmeridgian (Upper jnras- 
sic) of England. 

Diagnosis: Bathrotoniaria can be distinguished b\- its 

usually large (to 130 mm), trochiform shell with a spire 
that imw be elex’ated to depressed. Th(‘ um]>ilicus ma\ bc' 
broad to entirely absent. The wlicnl profile is usually 
aiigulate and non-tiiberculate, with a broad rani]^ and a 
scxond Carina or angulation, just cn erlappcal on the spire. 



I"igiirc 12. SEM image oi a iraelnre smiaee ol the sIk'II oi 
Ohunirllfi llioiiijhsononnn new speei(‘.s at tlu' apcrtme just he- 
low tli(‘ slit, showing the transition from llie simple prisntatie 
outer Ia\er to ihe naereons innei’ laver, The arrow.s indicate 
.areas witli recr\ stali/ed shdl niatm'ial. Ahl )re\ iatif)iis: \ac, na- 
< re spr, simple pnsmalie cnslals. 


Tlie sekmizone is situated l)elow^ the ramp angle. Surface 
sculpture of spiral cords and threads, commonly cancel - 
late at intersection wltli collabral threads. The selenizone 
is moderate]) broad, the labral slit short. 

Remarks: The oldest member of this genus is Bathro- 

toinaria paipotensis Griindel, 2001, from the Sinemurian 
(Lowyu* Jurassic) of northern Chile. The selenizone is 
narrow^ tor the genus and the spiral sculpture is faint 
compared to otlier species. Dtuing the Middle and Up- 
pCY jurassic the genus was di\ erse and widely distributed 
Irom Peru ((iox, 1956) to Europe, India, and the Afro- 
Arabian East eoast (Cox, 1960, 1965; llowvirth and Nor- 
ris, 1998; Das et ak, 2005), and possibK also New^ Zea- 
land (Gardner and Campbell, 1997), although the New 
Zealand record wus not ligured and needs confirmation. 
A number of species w^re reported from the Lowxu' Cre- 
ta(‘(H)us of the Tdhyan realm, including the largest spe- 
cies with 130 mm diametta* (Das, 2002; Kollmann, 1982, 
2002). From the Cdenomanian (lower Upper Cretaceous) 
Kiel and Bandel (2004) reported four species of Batbro- 
to maria from an intertidal rockw shore setting in Cer- 
man\, the highest di\’ersity at an\' Cretaceous locality. 
Further Upper Cretaceous records are fewg the last 
record is from the lower Maastilchtian of France (Koll- 
mann and Odin, 2001). 

Bathrotomaria anncjoffcac new' species 
(Figures 13-16) 

Descnptioii: Shell (Figurcvs 13-16) small lor genus 

(liolohpe m;Lximum diameter 47.7 mm, minimum diam- 
eter 43.8 mm, height 50.2 mm), with a tall, conical, 
strongl)' gradate spire, consisting of 6+ teleoconch 
wborls. Base weakl\ but e\ enly com ex, wltli \*en^ narrow' 
umbilicus (Figure 15, ii). Sjiire angle 72^. Spire yen’ 
slightK' com ex in profile. Suture weakh adpressed, join- 
ing prexious whorl at or abo\e peripheral bulge (Figure 
14, pb). Protoconch and approxirnateK first 2 teleoconcli 
whorls missing. Subscy|uent earK' w horls with straight to 
weakly comex ramp between suture and ramp angle 
( Figure ‘ 14, ra) that becomes more in Hated, com ex on 
bod\’ wliorl. Shell surface with broad, uneyen, undulating 
rugae most exident near the suture. Axial sculpture of 
exenlx’ spaced, xxeak axial costae (about 120 on body 
XX horl) that produce xxeaklx cancellate .sculpture at iiiter- 
secti(_)ns xxith spiral cords. Spiral sculpture (Figure 16) 
dominant, of 10-12 iiai roxx', nearly almtting spiral coids 
betxxeen suture and rani]:> angle (comprised ol single, 
smooth broad cord), 0-2 spiral cords betxxeen ramp 
angle and selenizoiux 6-7 along selenizone, 3-4 l)ctxxeen 
selenizone and perijduaal bulge. Base xxith 36-38 sjiiral 
ccu’ds that are txxice as l)i‘oad as mtenening spaces. Se- 
leiiizone (Figinx* 16, sz) broad, xxeaklx c(mxcx, ncarix' 
abutting lamp angle, spanning slightK mon^ than hall the 
distance betxx'een ramp angle" and pcriphm'al bulge. Ap- 
(M tiin" (4oiigat(x roiighlx’ pentagonak long axis lu'arlx pen*- 
pemdicnlar to the coiling axis. Ontc’r lip brokem. Slit 
broad (-3.8 mm), (‘xUaidiiig posUalorlx 117° Irom Hie 
cud o( th(.' sntui(‘. 1 1]) thick along co!mnt*llar u'gion, xxith 
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Figures 13-16. Bathwtomaria annejoffcae new species. 13. Apical. 14. apertiiral, and 15. I^asal views ol tlie liolohpe, USXM 
5344S3. 16. Details of sculpture heh\een suture and pciiplien on last three dorsal whorls of the holotvpe. yVhhreviatious: p, 
peripherv; pb, peripheral bulge: pc, parietal callus; ra, ramp angle; s, suture; si, posterior limit of slit; sz, seleuizom^ u, umbilicus. 


narrow, weaklv reilected parietal fold that forms a nar- 
row parietixl callus that partially occludes the uinluliciis. 

Tvpe Locality: Zakaralia, near Toliara, .sont[l^^•estern 

Madagascar, 6-7 m below surface on plateau cut by ri\ er. 

T\pc Material: Holotvpe, USX.M 534483, from the 

ripe locality. 

Age: Oxfordian i Upper Jurassic). 

Elvinology: This new species honors Anne joffe in 


recogniti(.)n ol luu' manv contributions and long.senice to 
the iield ol malacologw particularK to the .American Ma- 
lacological Union (now' American M alacological Socictv ) 
and most recently to The Bailey- Matthevys Shell Mu- 
seum in Sanibel Florida, 

Heniarks: Bafhnyiomaria \yas amr)iig tlie mo.st wide- 

spread and diverse of the pleurotomariid genera 
throughout tlie Middle and Upper |urassic and Creta- 
ceous. This is particularK true ol the' jnrassic laiina of the 
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Kiitch region, From w'hieh ten spc^cies have been re- 
pented (Maithani, 1967; jaitlv et al., 2000; J4as et al., 
2005). Of these, fi\'e are of Oxfordian age. From its con- 
temporaiy congeners within tlu^ Indo-Madagascan prov- 
ince, Bath rot o maria aiincjojfcac is readily distinguished 
from B. tcicarii (Maithani, 1967), B. buchlhai Das et al., 
2005, B. prasantai Das et al., 2005, and B. clhosacnsis 
Das et al., 2005 in ha\ing a propoitionalK taller, more 
gradate^ spire and a narrower umbilicus. In sliell profile, 
B. amicjojfcae more cioseh' resembles specimens of B. 
reticulata (Sowerbv, 1821) (Das et al., 2005: ligs. 4. A-G) 
and B. sicbercri (jaith' et al., 20()0:pl. 3, figs. 2-3) both 
from the Bathonian of Kutsch, and the Oxfordian B. 
millcpunctata (Endes-Iieslongchamps, 1849) (jaith et 
al., 200f): pi. 3, fig. 4), but lacks granular whorl angula- 
tions of B. sicbercri and B. reticulata (see lias et al., 
2005:334). Das et al. (2005: 334) also noted that the 
Kiitch specimens of B. reticulata lack an nml)iliens 
(present in B. annejoffeae), whereas tlie suture of B. sie- 
bereri is det^ply canaliciilated, unlike tliat of B. anuejof- 
feae. Bathrotoinaria annejojfeae can ;Jso be recognized 
on the basis of the cohnnellar ])ortion of tlie aperture 
being long, straight, and nearly co-axial. 

Bath roto)) tana bedetteae new species. 

(Figures 17-20) 

Description: Shell (Figures 17-20) small for genus 

(lioloUpe maximum diaineter 65.0 mm, minimum diam- 
eter 58.8 mm, height 47.5 mm), with a short, broad, 
wxxikhygradate spire, consisting of 5+ teleoconch whorls. 
Base weakh' but e\enh con\ex, lacking an umbilicus 
(Figure 19). Spire angle 92^. Spiro wxxikh' convex in pro- 
file. Suture w^eaklv ad])re.ssed, joining pre\ious whorl at 
or abo\*e j^caipheral bulge (Figure 18, pl^). Protoconcli 
and approximately first 3 tekajconch wiioiis missing. 
Snbse(|uent early wiiorls gradate, with straight ramp bt'- 
tween suture and ramp angle* (Figure IS. ra) that Ih*- 
comes mon* inllated, com exwith int*reasing w lioii num- 
ber. Axial sculpture of broad, low% cioseh' spaced, axial 
costae (about 56 on both' wiioii) tliat produce a coarseh 
cancellate sculpture at intersections of spiral cords, in- 
cluding w-eakh' beaded ramp angle and peripheral bulge. 
Spiral sculpture codominant, of 3-4 low’, broad, ccjrds 
between suture and ramp angle, 0-1 spiral cords be- 
tween ramp angle and selenizone, 0-1 betw’een seleni- 
zone and j'Hnipheral bulge. Base with 17-19 finer spiral 
cords that are 2^ times as broad as interxeuing spaces. 
Selenizone (P4gure 20, sz) broad, w^eakh’ coiwex, nearly 
afmtting peii]:)heral bulge, spanning slighth' more tlian 
half the distance !)(^hvccu ramp angle and peripheral 
bulge. Suiiace without spiral cords, ,scnl])tiire limited to 
strong lunulae. Aperture elongate, wiaiklv j^entagonal, 
long axis d<41ected Irom the coiling iLxis by lOB"". ()nt(*r 
lip damaged, slit morphology not known. Inner lip thick- 
est along cohnnellar rt'gion. 

Type Locality: Zakaraha, near 4i)liara, snutliw’(*stc*rii 

Madagascar, 6-7 m below surface on ])lat(‘au c*ut In rixcu*. 


Type Material: IJolotxpe, USNM 534484, from the 

tvpe locality. 

Age: Oxfordian (Upper Jurassic). 

EtyniologA’: This new^ species honors the late Barbara 

A. Bedette, w hose 52 \ ears of senice to molluscan pa- 
Ic^ontolog}^ at the National Museum of Natural llistoiy 
has bencTited a multitude of researchers. 

Remarks: Bath rot otriaria bedetteae may be readily 

distiuguislied from B. auuejojfeae, with wiiich it co- 
occurs, on the basis of its lower, l)roader shell, with a 
weaker, more rounded ramp angle, by its coarser and 
more prominent cancellate scnlj^ture that extends onto 
the ramp angle and peripheral bulge, and by the absence 
of an umbilicus. Bathrotomaria bedetteae is similar in 
profile to B. teiearii, B. prasatitai, and B. dhosaensis, all 
from contemporaiv strata in Kutcii, but chffers in haxing 
a more gradate^ spire and a pronounced periplieral band, 
and in lacking an umbilicus. 

Genus Leptomaria E. Fudes-Deslongchamps, 1864. 

Type Species: Bleu roto maria atnoeua J. A. Fudes- 

Deslongchamps, 1849. (B\- original designation). Bajo- 
cian (Middle [urassic) of France. 

Di agnosis: Species of Leptomaria can be recognized 

on the basis ol thenr large, turbinilorm shells witli low^ to 
moderatcK’ high spires and weakly to strongK’ rounded 
w4iorls. The umbilicus ma\' range from l)road to entirely 
absent. The whorl I’lrofile is rounded, lacking an angulate 
shoulder. The selcmizone is situatcal at mid-w’horl. Sur- 
face sculpture consists piimaril)' of narrow^ spiral threads 
with finer axial threads forming w’caklv cancellate sculp- 
ture in some species. 

Remarks: Lcptottiaria has been reported from strata 

ranging in age from Bajocian (Middle | urassic, Knight et 
ak, 1960) to Selandian (Paleocene, Kollmann and Peel, 
1983). Hickman (1976) suggested that even some 
Foceiu^ species max' be included. Not suiprisiiigly, tlie 
genus had a cosmopolitan distribution, xxith dix'erse fau- 
nas ranging from England (Cox, 1960) to New Zealand 
(Hudson, 2003). Lcptottiaria has been prexlouslx’ re- 
ported Irom Cn'taceous dc'posits of N\V Madagascar 
(Deliiex', 1948; Colligiion, 1949; Kiel, 2006). It is repre- 
sented in the [urassic fauna of Kutch (jaitlx et ak, 2000; 
Das et ak, 2005) lint is not as dixerse as the genera 
Bathrotomaria or Blciirotomaha. 

Lepfouiaria fakahashii nexv species 
(Figures 21-24) 

Description: Shell (Figures 21-24) mock‘rat(4x' large 

for the genus (holotxpe maximum diameter 82.4 mm, 
minimum diameter 67.23 mm, laaglit 57.3 mm) loxx', tnr- 
biniform, consisting ol approximatthx’ 6 teleoconch 
xxhorls. Bas(' broadlx' and I'xxMily conxxw, xxitli x'cn’ nar- 
roxx’ umbilicus (1^'igure 23, ii). Spire* angle 109*^. Spire 
stronglx conx(*x in prolik*. Siilme (Figure 24, s) abutting. 
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Figures 17-20, Bathrotomaria hcdcttvac new species. 17. Apical 18. apertural and 19. basal \iews of the liolohpe, USXM 
5344S4. 20. Details of sculpture between suture and pciiphen- on last tlnee dorsal w'liorls of tlie ll(»lot^pe. Abbre\iations; p, 
periphen'; pb, peripheral bulge: ra, ramp angle; s, suture; si, posterior limit of slit; sz, selenizone. 


joining pre\1ous wliorl just l)olow selenizone (Figure 24, 
sz in earK whorls, at or below' periplieiw (Figure 22, 24, 
p) in later whorls. Protoconch and paid of first teleoconcli 
whorl eroded. EarK' teleoconcli w-horls (whorls 2-4) 
evenh' rounded, later whorls (whorls 5-6) becoming 
more gradate, but evenK rounded, lacking a angular 
shoulder. Axial sculpture of numerous fine growth striae 
that produce a strongK' reticulate pattern most e\ident 
between adjacent cords in region between suture and 
selenizone of earl\' wiiorls, and broaden' lowx axial costae 
that fonn a weakly cancellate pattern at intersections 
with the spiral cords. Spiral sculpture dominant, with 10 


strong, closeK’ spaced cords between suture and seleni- 
zone, 7-9 cords between selenizone and periphen , and 
29-32 colds along base. Spiral cords ma\' become 
broaden' and lesss distinct watli inc-reasing w liorl number. 
Selenizone (Figure:’ 24, sz) narrow', comex, situated just 
ab()\e periphen, with a single, median spiral cord 
present in earK' whorls, absent in later whorls, and nu- 
merous strong tn weak lunulae througliout its length. 
Aperture e\'eriK' ovate, long axis fejrming an angle ol 103' 
with coiling iixis. Outer lip smooth, portion below slit 
offset from peirtion abo\'e slit b\' 30 Slit narrow' (~3.3 
mm), extending jio.steriorK S]° Irom end ol suturex Lip 
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Figures 21-24. Lcplomaria takahashii new speeies. 21. Apica). 22. apeitiiriil, anti 23. basal \iew's ofllie holohpe, USXM 5344S5. 
24, Details of scul])ture between suture and jieriplien on last three dorsal wliorls of tlie lioloppe. Abbreviations: p, peiiphen ; pc, 
parietal callus; s, suture; si, posterior limit ol slit; sz, selenizone; u, iiinbilicus. 


thickest in coliirnellar and basal region, lonning narrow 
jXirietal callus tliat partly overlaps the nrnbiliens. 

T\pe Locality: Zakaraha, near Toliara, southwestern 

Madagascar, 6-7 in below surface on j^latean cut In riv er. 

Tvpe Material: Ilolotvpe, USXM 534 1S5, Irorn tlie 

t\pe hjcalitv. 

Age: Oxfordian lp]:)er |urassic). 

Etymology: 4liis lU'W species lionors Mr. Chris 47i- 

kaliasbi ol Honolulu, Hawaii, in recoguition of his main 
contrilnitions to the study ol living and lossil inollusks. 


Keniarks: Lcpiomaria daiiifai Das et ak, 2005 (Cal- 

loxiaii to Oxloi'dian of Kiitcb, India) occurs in coeval de- 
]:>osits, and most closelv resembles L. idkahashii in terms 
of size and general profile, but L. takaluislii'i lias a shorter 
s])ire, more rounded wliorls, and has a v(u*v narrow rather 
than a wide umliilicus. Although the genus Lcpiomaria is 
well lepresented in the [urassic lanna ol the Indo- 
Madagascan region, most published records are eith(‘r 
from Hathouian and Clallmian strata ol Kntch, or liom 
Cr<4ac('ous (k'posits ol Madaga.scar. Oldc'r taxa, inchid- 
ingL. fra<^a (). A. Ixudes-Deslongdianijcs, 1S40), L. sim- 
plex jaitlv (4 ab, 2000, L. psni(lofimhilica({/ |aitlv vi ah. 
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2000 Uninsferred to Bafhwtomaria In Diis et al., 2005: 
340) are easiK distingiiislied as the^' are smaller, and Iia\ e 
a tall, conical whorl profile. Although the Bathonian L. 
asiirai Das et ah, 2005, is of comparable size, it differs in 
also luning a tall conical profile and lacks an umbilicus. 

DISCUSSION 

The species most similar to tliose described herein occur 
in contemporaneous fossil deposits of northw'esteni In- 
dia, This is not sinprising considering that the Madagas- 
car species lh*ed near the southern tip of a long and 
narrow emba\ment between East and est Gondwana, 
nhile noitliwesteni Indian species Ih’ed at tlie northern 
tip of this einbaMuent, where it opened to the Tethvs 
Ocean (Figure 2). Althougli Recent pleurotomariids are 
restricted to hard substrates along the outermost conti- 
nental shelf and upper continental slope, Mesozoic plen- 
rotomariids inhabited sublittoral depths along the conti- 
nental shelf. Studies of Upper Jurassic phxtogeograpliv 
ha\ e indicated that soutliem Madagascar was part of a 
warm temperate biome, while northern Madagascar and 
noitliwesteni India were part of a warmer, subtropical 
biome (Rees et ah, 2000: fig. 7C). Based on analyses of 
stable isotope compositions of the ammonite Penspliinc- 
tes {Dicliotomoccras}, Lecu\’er and Bucher (2006: 7, fig. 
3) reported seawater temperatures ranging from 2I.5°C 
to 24. DC in the Morondava Basin of southwestern 
Madagascar, during the Oxfordian stage of tlie Upper 
Jurassic. 

Extensive studies of [urassic pleurotomariid faunas 
\\‘ithin this In do- Madagascan ProMnee (e.g., Cox, 1965; 
Jaitlv et al., 2000; Das, 2005) have documented the pres- 
ence of the genera Bathrotomaria. Lepfomaria, 
Obornella. Bleu rot omaha. Anodomaria, and Pijrgotro- 
chus, the first three bv far the most diverse. As additional 
specimens from the Jurassic of Madagascar become 
a\ailable, it is likeK that the generic composition and 
dh'ersiU' of this fauna will mirror that of the Kutch region 
of noitliwesteni India. 
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Appendix 1. Supraspc'cifie taxa inchidecl in llie faniilx' 

Pleurotomai iiclae, listed in tbe ordt'r in xxinch thex’ wove 

jxruposeck Thc'ir txpe species are prox idt'd, as are knoxxni 

stratigraj)hic ranges, and geographical distributions. 

rlcNroloinaria Defrance, 1826 - Txpe spc'cies, Trochns (Higli- 
rns I S<3xverbx , 1818. Middle Triassic (.\nisiaji; range ex- 
tended bx Begg and Grant-Maekle, 2003: 259) to Loxxer 
(u'etaceous (Aptian), Cosmopolitan. 

Leptomana E, Isudes-Deslongehamps, 1864 — Txpe species, 
Ph'iirotomaria (nuoena J. \. Isudes-Deslongcl lamps, 1849. 
Middle Jurassic (Bajocian) lo Paleoct'ue (Danian). Cosnio- 
pixlitan. 

Talanlodiscns Fischer. 1885 - Txpe sp('cies, rinn'otoiiinria 
niirahilis Deslongchamps, 18 18. Middh' Triassic 
(Kaihikiian ; range extended bx Begg and ( h'aiit-.Macki(', 
2003: 259) to .Middle |nrassie ( Bajocian). Europ(‘and Nexv 
Z('aland. Knight i4 al. (I960: 1214) included this genus in 
th<‘ lamilx' Porcelliida(' Broili, 1924. 8nbse<}m'nt authors 
(e.g., Szabo, 1980: (ig. 3; B(‘gg and Grant-.Maekic', 2003: 
229) inehifkal tliis gc'ims xvithin Pk'iirotomariidai'. 

Pip'^iffrorlnis P, l Ysclu'r, 1885 - Txpe spciF'S, Plrurotoouiria 
hitonpiald |. ;V. Endes D( .slongehamps, 1819. IxOXNX'r 
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Jurassic to Upper Cretaceous (Onoinanian). (Cosmopoli- 
tan. 

PcroirocJuis P. Fischer, 1SS5 - T)pe species, Plciirotomaria 
quoijana Fischer and Beniardi, 1856. Oligocene to Re- 
cent. Cosmopolitan. 

Chdotia Bayle in P. Fisclier, 1885 - T\pe species, Ph uroto- 
maria concova Oeshaxes, 1832. Koeene. Fnrope. 

EntctnnotrocJuis P. Fischer, 1885 - T^pe species, Plcuroto- 
maria adansonkina Crosse and Fischer, 1861. Koeene to 
Recent. Cosmopolitan. 

StuorcUa Kittl, 1891 - T^pre species, Trochiis sidnxyncanis 
Munster, 1841. Middle Triassic (Kadinian) to Upper Cre- 
taceous (Campanian; range extended In Kiel and Bandel, 
20007 Europe. 

Mikadotrochiis Lindholm, 1927 - T^p^e species, Pleiirotomaha 
bcijnchii llilgendorf, 1877. M'estem Pacific, Pliocene to 
Recent. 

Bathrotomaiia Cox, 1956 - T\p)e species, Trochns rcticidatiis J. 
Sowerbv, 1821, by original designation. Lower Jurassic to 
Upper Cretaceous (Senonian). Cosmopolitan. 

Conotmnaria Cox, 1959 - T>pe species. Pi c u rot o maria mail- 
Icaiia d'Orbigm , 1843. NIiddle Jurassic (Bajocian) to Pa- 
leocene (Danian: range extended by Pacaud, 2004). Cos- 
mopohtan. 

Obornella Cox, 1959 - T\pe species, Plciirotomaria plicopiinc- 
tata J. A. Eudes-Deslongchamps, 1849. Lower Jurassic 
(Toarciairi to Upper Jurassic ((Oxfordian) Cosmopolitan. 

Anodotomaria Szabo, 1980 [described as a subgenus of Pleii- 
rotomaiia] - T\pe species Plciirotomana scacchi Gem- 
meUaro, 1874. Lower Jurassic (Pliensbachian) to Midtile 


Jurassic (Calknian; range extended by Jaitly et al., 2000: 
36). Europe to northwestern India. 

Cijclostomaria Szabo, 1980 - Type species, Pleurotomaria 
sucssi Iliirnes, 1853. Lower Jurassic (Pliensbachian) to 
Middle Jurassic. IMirope. 

Ornatosjnra Pan, 1982 - Tvp:)e species Ornatospira minfiro 
Pan, 1982. Triassic, China. 

Lacvitomaiia Conti and Szabo, 1987 - T\pe species, Pijrgotro- 
chns? proJdcmaticus Szabo, 1980. Lower Jurassic (Pliens- 
bachian) to Middle Jurassic (Bajocian) Europe, (luestion- 
ably included in Pleurotomariklae by tlie authors. 

Indomaria f^as, 2002 [described as a snbgenus of Pleuroto- 
maria] -Type species, Pleurotomaria (Indomaria) umien- 
sls Das, 2002. Lower Cretaceous (Berriasian). Noitbwest- 
eni India. 

Baijerotrochus Harasewych, 2002 - Type species, Plcuroto- 
inaiia midas Bayer, 1964. Miocene to Recent. Cosmopoli- 
tan. 

Murihikua Begg and Grant-Mackie, 2003 - Type species, 
Murihikua tuhaivaiki Begg and Grant-Mackie, 2003, 
Middle Triassic (Aniasian) to Upper Triassic (Norian). 
Neyy^ Zealand. 

Tahua Begg and Grant-Maclde, 2003 - T)pe species. Talma 
woipiro Begg and Grant-Maclde, 2003 Middle Triassic 
(Aniasian) to Late Triassic (Norian). Neyy' Zealand. 

Mamoeatomaria Begg and Grant-Mackie, 2006 (neyv name 
for Mamoea Begg and Grant-Mackie, 2003) - Type 
species, Mamoea wairakiensis Begg and Grant-Mackie, 
2003. Middle Triassic (Aniasian to Lachnian). New Zea- 
land. 


